This study discusses sustainable agricultural production by land evaluation based on a multiple criteria approach. The study was carried out in the Bastam region located at the north Shahrood township of Semnan Province in the northeast of Iran. Soil, landscape and climatic data were collected to assess the study area based on its capability for cultivation of apple, tomato, wheat and white potato. Making the final decision for growing the most appropriate crop was based upon three criteria: (1) the physical suitability of the study area for crop cultivation; (2) environmental consideration; (3) economic benefit accruing from the production of each crop. The results of the assessment of the above criteria were incorporated using the Analytical Hierarchy Process (AHP) technique. Ultimately, wheat was found to be the most suitable crop for cultivation considering all the criteria in the study area. This study, therefore, was a step taken towards promoting sustainable agriculture by trying to introduce as efficient an approach as possible in land use planning, and selecting the most sustainable ways to put the land to optimum use.
Exhaustive land use planning has been found to reduce the negative impacts brought about by the effects of agricultural practices on natural resources and ecosystems. Of the various agricultural evaluations available in the literature, some people have studied the economic aspects, environmental aspects and some physical suitability in the evaluation of lands, but no one has studied all these aspects simultaneously. Land use planning towards sustainable agriculture can be comprehensive in terms of considering environment and agricultural benefits only when it is conducted on a multiple criteria basis. The decision-adoption process upon agricultural land use is suggested to be carried out by incorporating different criteria in this study. In this research, a kind of integrated approach for agricultural land use planning is used as a case study of multiple criteria analysis for a suitable land utilisation scheme for sustainable agriculture. In this integrated research, three criteria affecting agricultural land use type, including physical suitability of land, environmental vulnerability, and economic profitability were studied in the Abr region, one of the land units located at the north of the study area. The physical evaluation of land determines the suitability of a specific land unit for possible utilisations technically. This is important for maintaining long-term productivity of lands, using them optimally, and not degrading the soil by unsuitable and technically disastrous utilization.
Depending on land quality and capacity, different land units under different agricultural uses show different levels of vulnerability to degradation, chemical contamination and chemical compounds leaching to groundwater. Towards attempting to protect environmental safety, the chemical vulnerability of the study area was analysed.
Another major factor which plays a major role in decision making with regard to land use type, is the economic benefit accruing to farmers basing on the type of crop and local commercial cultivation by entrepreneurs.
A proven, reliable technique, Analytical Hierarchy Process (AHP), was applied to incorporate these three criteria. This technique, which has been developed by Saaty (1980 Saaty ( , 1994 Saaty ( and 2001 has proved its usefulness in solving problems relating to decision making in multiple criteria, and has been used widely all over the world in decision making in multicriteria situations and in different fields. The AHP technique has been used in environmental assessments and agricultural site selections, but has not been used, or has been very poorly used in agricultural land use planning in terms of crop selection for a given site based on an integrated approach. Relevant studies on environmental sciences and operational management by using AHP have been reviewed recently by Diaz-Baleiro and Romero (2008), Huang et al. (2011), Wu and Barnes (2011) and Subramanian and Ramanathan (2012) . Many case studies on multiple criteria decision analysis in subjects similar to the present study are mentioned in those review papers, but none of them are dedicated to sustainable agricultural land use planning and determination of crop types in a specific land unit.
This study seeks to find out the best land use type that incorporates the most technically, economically and environmentally suitable crop by considering these factors simultaneously in each land unit. This study takes a step toward sustainable agricultural planning and management.
MATERIALS AND METHODS

Study area description
This study was conducted in the Bastam region of Semnan province located in the northeast of Iran (Figure 1) . The study sites were located between 54°39′ and 55°20′ east longitude, and 36°26′ and 36°45′ north latitude. The slope gradient varied from flat land to 8%. The total surface area was about 53,500 ha, but the land unit, which is presented as a sample for determining the crop type (crop selection), has a surface area of 8,125 ha. The topography of this land unit is gravelly alluvio-colluvial fans, and there are Piedmont plateaux and alluvial plains in other land units. Aridisols and Entisols are the main soil orders in the region. According to the bioclimatic map of the region (FAO/ UNESCO 1974), the climate in the study area is attenuated subdesert climate. The water requirement of the crops is supplied from ground water by wells. The summary of meteorological data of the study area is presented in Table 1 .
Soil sampling and analysis
Totally, 104 soil profiles were investigated, and among them, 11 representative profiles were selected. Therefore, land mapping units, taxonomically classified to the family level, were segregated. The procedure of taxonomic land classification was according to the soil taxonomy manual of the United States Department of Agriculture (USDA 2010). This classification is based on field surveys and morphological descriptions, like evidence of leaching, soil horizons positions and their depths, and chemical and physical analysis, such as electrical conductivity, organic carbon, exchangeable sodium percentage, cation exchange capacity, carbonate content, texture, structure, and so on. Soil moisture regimes were aridic and torric, and thermal regime was mesic. The sample land unit which is discussed in this paper, belongs to the soil family of loamy skeletal mixed mesic, and is located at the north of the study area. The geographical positions of land mapping units (soil families) of the region are presented in a schematic map in Figure 1 . The site characteristics are presented in Table 2 .
Physical land suitability evaluation
In this study, the maximum limitation method in the framework of the Food and Agriculture Organization (1976) is used to evaluate the physical suitability of apple (Malus domestica), white potato (Solanum tuberosum), tomato (Lycopersicum esculentum) and wheat (Triticum aestivum) for cultivation in a specific land unit in the study area. The soil, landscape and climatic characteristics are used for evaluation, and matched with reference tables; for example, in Sys et al. (1993) , their scores are evaluated, and the lowest score (the most limiting one) is reported as the physical land index for every usage type in one land unit.
Economic evaluation
The economic assessment of different crop cultivations in this study is based on calculation of output prices, input costs and net income by a special currency. The economic index, considered for evaluation, is the net profit of each crop to determine which is the most profitable crop to cultivate in the land unit of Abr. The miscellaneous heads relating to costs for every crop cultivation is investigated, then the total cost is subtracted from the total price of a specific crop and, thereby, the net return is obtained. Mean yield of more than a 5-year period of the selected crops per hectare is multiplied by the unit price of crops to obtain the total price of each crop per hectare.
The economic investigations of crop cultivation costs and prices were implemented in the Agricultural Planning and Economic Research Institute in the Ministry of Jihad-e-Agriculture by distributing questionnaires among representative farmers (Ministry of Agriculture 2003).
Environmental assessment
In this study, the environmental investigation is carried out from an agricultural point of view. As environmental impact, the susceptibility of soil to contamination, and in the next step its vulnerability to excessive chemicals leaching into groundwater, is assessed for each crop cultivation by using the Arenal model within the MicroLEIS software package. The Arenal model is an expert system for qualitative evaluation of land vulnerability to agrochemical compounds. The compounds leaching through the soil profile, and the subsequent pollution of groundwater is evaluated for different land management systems. The Arenal model also determines the vulnerability of groundwater, especially to nitrates and pesticide leaching at a regional scale. The intrinsic properties of soil, climate data and management systems are used for the analysis. The input data for the model are: precipitation, topography, depth of water table, soil texture, salinity, pH, exchange capacity, crop system, using or not using artificial drainage and water extraction. There are four classes in the model output. V1: no vulnerability; V2: slight vulnerability; V3: moderate vulnerability; V4: severe vulnerability. More complete information on MicroLEIS models can be found in De la Rosa et al. (1992 Rosa et al. ( , 2004 ).
Analytical hierarchy process
The analytical hierarchy process is a method that formulates and analyses decisions by decomposing a complex multicriteria decision-making problem into a hierarchy of criteria and a set of alternatives. This technique is based on pairwise comparisons, and provides the possibility of considering quantitative and qualitative criteria, and also an analysis of sensitivity of criteria and consistency of decisions made by pairwise comparison matrices. The alternatives are com- Temperature and precipitation data of the study area pared in a pairwise manner in regard to each criterion, then preferences are made among alternatives. Figure  2 gives a better realisation of the study procedure.
There are three main stages in multiple criteria decision making through AHP, including building a hierarchy structure, calculation of weights by comparison matrices and analysis of consistency of the system. One advantage of the AHP technique is the possibility of checking the consistency of the decision, and its reliability or unreliability. Every pairwise comparison matrix can be consistent or inconsistent. The consistency or reliability of a judgment can be investigated through an inconsistency index. As Saaty (1980) says, 'when the inconsistency ratio is less than 0.1, the decision and judgments are reliable'. The Inconsistency Index formula is as follows Inconsistency Index = (ʎ max -n) / n -1 (1) where, ʎ max is the greatest weight in the AHP-normalised matrices, n is the number of criteria. Inconsistency ratio is calculated using the following formula:
Inconsistency ratio = I. I / I. I. R (2) where, I.I is the final inconsistency index of judgments, and I.I.R is the inconsistency index of a random matrix which has already been calculated in tables in the AHP-related literature. Complete information on the principles of the AHP can be found in Saaty (1980) and Ghodsipour (2012) . Tables 3 and 4 show the soil and climate characteristics, as well as their scores for each crop (utilisation type). Wheat was found to be the most suitable crop for the studied land unit. The maximum limitation method is a simple method and more objective than other methods, such as parametric methods, since we are not certain about the definite relations and interactions among characteristics. Characteristics used in this study for land evaluation are internationally accepted criteria, as have been confirmed by FAO (1976) , and have been widely used by researchers, such as Boix and Zinck (2008) and Mendas and Delali (2012) , in land evaluation.
RESULTS AND DISCUSSION
Results of evaluation of physical suitability
Investigation of climatic characteristics showed no significant limitation for any of the four crops. The study area soil has a high amount of CaCO 3 due to its natural geological and pedological instead of paedological situations. This characteristic mitigates the yield of several crops. For example, in this study, the physical suitability of apple, potato and tomato show a low rating as presented in Table 3 . Some examples of land suitability studies in agriculture are by Kalogirou (2002) , which tried to implement a land suitability model and have used the physical FAO (1976) land classification for crops, then performed a suitability classification for wheat, barley, maize, seed cotton and sugar beet. Ceballos-Silva and Lopez-Blanco (2003) evaluated the suitability of lands for maize and potato in Mexico, and compared actual and potential areas for maize and potato cultivation; and Boix and Zinck (2008) discussed the physical land suitability and evaluated land use options to support crop diversification. The common aspect in the studies by all physical land evaluators is that they usually try to classify studied lands in terms of physical suitability for selected crops. Although the physical evaluation of land shows the potentialities and restrictions of land for selected purposes, and helps in minimising land degradation that is usually caused by unscientific uses, but most of the researchers of this subject have not determined a certain agroecological utilisation type that guarantees sustainable agricultural production which considers safety and sustainability of natural resources. Because they mostly do not consider multiple effective factors, such as environmental sustainability and safety, as well as economic matters or, if some do so, they do not incorporate those multiple factors for decision making in land use and management.
Results of economic evaluation
The economic evaluation in respect to apple was different from the other three crops, in the sense that apple is a perennial crop and has varying growing periods. About 8 years are needed for apple to reach the stage of economic yield. However, there are expenses during these first 8 years of plantation, and expenses during the economic return period. The advantageous Figure 2 . Hierarchy of the study procedure life span of apple trees is 30 years, as has been studied in the country. For this crop, the total expenses in the first 8 years is divided by 30, and the obtained value is considered as the fixed mean annual expense during the economic return period (after 8 years). This value is added to the annual expenses of the economic yielding period, and the summation is considered as the total annual cost of apple production. Table 5 gives a list of costs and prices for annual crops, including potato, tomato and wheat, and Tables  6 and 7 show the costs and price of apple. Tomato was found to be the most beneficial crop; this is because of its comparatively high yield despite its low physical suitability index. Costs of cultivating tomato are comparatively lower than apple. Apple production expenses are the highest, and the yield is relatively low because of poor soil suitability. The land tenure and cost of water have not been taken into consideration. Usually, farmers do not have to pay for irrigation water. Markets and places of trade are the same for all the crops since we aim to decide upon a given land unit, in which mentioned crops are to be compared for cultivation in order to optimise land use. Fluctuations of prices and costs, as well as factors affecting crop sales, have also been considered as identical and invariable. The prices and costs in this study are valid for 2000-2001. In the literature, researches focusing on economic evaluations besides physical evaluation in agriculture, are relatively scanty. This is probably due to the difficulties and complexity of economic evaluation. Another reason could be the lack of farmers` cooperation with researchers. For example, Boix and Zinck (2008) , in explaining the reason why they could not implement economic evaluation besides physical evaluation, state that the local farmers did not cooperate with them in answering the questionnaires. There are some studies relevant to economic analyses, such as that of Erdal et al. (2007) which focused on energy use in sugar beet production in Turkey, and aimed at energy input and output evaluation and efficiency of input energy consumption to conduct a cost analysis. Mohammadi et al. (2008) performed a similar study on potato production in Iran. Their concentration was on finding out the proportionate costs of different input items. Samranpong et al. (2009) investigated the economic land evaluation for agricultural resource management, which aimed to build a model to carry out economic land evaluation based on physical land evaluation, and stated that this model of economic evaluation is helpful for decision makers due to the resultant economic returns of land use.
Results of environmental assessment
Results of the Arenal model showed that there is a difference in vulnerability of land to chemical con- tamination in respect of annual and perennial crops. Table 8 shows the results. The land under perennial crop cultivation (apple) shows more vulnerability to soil contamination than annual crops (potato, tomato and wheat). The vulnerability classes (V 1 -V 4 ) were quantified to be used for AHP comparisons. A rating from 0 to 100 was determined by allocating four limits of 25 to each class. For example, the class V 1 has a rate in the range of 75-100. The mean value of this range, 87.5, was reported as the vulnerability rating for annual crops of the class V 1 , and in the class V 2 , it was 50-75, the mean value 62.5 was reported for apple cultivation. According to these results, when the studied land unit goes under annual crop cultivation, it is not vulnerable to chemical degradation from agricultural activities, and the risk of soil and water table contamination is very low. Soils included in this class have a very high capacity for retention of agrochemical compounds, and their leaching is very low. Likewise, when the studied land unit is allocated to perennial crops (apple), the vulnerability to agrochemical compounds, in terms of soil and water contamination is low, and the leaching ranges from moderate to high. This difference in chemical vulnerability is due to the different T a b l e 6
Cost of apple production before economic return period (in US$)
T a b l e 7
Costs and prices of apple production in the economic return period (in US$) Shahbazi and Jafarzadeh (2010) , have used the Arenal model in land evaluation, and proved its applicability and usefulness.
Results of incorporation of the criteria
After analysing pairwise comparison matrices for the three criteria, and adding up the relative weights of each alternative, the final rate of each alternative was calculated. In this study, it has been assumed that all the criteria have the same significance and weight. Wheat gave the highest rate (0.935) among all, after which came apple (0.900); both were found to be the most suitable crops. Therefore, wheat cultivation was found to be the most suitable crop with regard to physical, economic and environmental criteria for the studied land unit.
Since these criteria are not homogeneous, and they do not have the same unit of measurement, they cannot be incorporated unless a decision support tool, such as the AHP technique is applied. Researchers can apply this technique without any expert knowledge. The inconsistency ratio of the results in this study was a low value (less than 0.1), which shows that the analyses are consistent and reliable.
Towards sustainable agriculture, some studies, such as Rezaei-Moghadam and Karami (2008) have been organised by using AHP, that discussed the features of sustainable agricultural development by using AHP, and the study by Demirel et al. (2009) which discussed AHP and Analytic Network Process (ANP) to determine land cover policies. Nevertheless, none of these researchers studied lands with the aim of selecting suitable crops.
CONCLUSIONS
This research tried to introduce a neglected approach in decision making on land use type which considers multiple criteria, such as environmental, economic and technical (physical land evaluation) aspects concomitantly. This study was a small step taken towards achieving sustainable agricultural development and use of natural invaluable land resources by trying to choose the ideal crop for optimum agricultural land utilisation.
The applicability of multiple-criteria land use planning was investigated on an integrated basis.
Results of physical land suitability assessment showed that wheat, with the highest land index value, has the highest suitability for cultivation in the studied land unit.
Results of environmental assessment by using the Arenal model showed that apple cultivation results in highest chemical impairments in the studied land unit.
Result of evaluation of relative economic profitability of apple, tomato, wheat and white potato revealed that economically, tomato is the most beneficial crop.
After investigation of apple, tomato, wheat and white potato for being cultivated in one of the study land units, wheat was found to be the most suitable crop with regard to the three criteria mentioned.
These kinds of approaches in agricultural land use planning help in maintaining lands for future generations and in meeting current demands.
